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Trirhnirnl f'"-"^ TnYftntioa 

5 The invention relates to a high quality frozen aerated 
product, particularly an ice cream product and the 
manufacture thereof, wherein the frozen aerated product has 
a low fat content and requires no addition of emuls.f.ers. 

10 BnrhTr-"""'^ TnvffTition 

Traditionally frozen aerated products such - ^« 
products contain approximately 8-12% fat in addition to 
Stabilisers and emulsifiers in order to provide the desired 
quality product. However, it is now preferred to provide , 
Ich products Which are low fat and ^'^^^-^^'^'l^^ 'J;^ 
date products provided which are low fat and without added 
stabilisers and emulsifiers have been inferior in quality 
in that they are fast melting, have a low percentage of 
d stabilised' fat, and are unstable to heat ^-c. and hence 
quickly become very icy. Furthermore, such products have 
a reduced oreaminess perception. 

Clearly it would be advantageous to be able to provide a 
low fat product having no added emulsifiers, and Preferably 
Z added stabilisers or emulsifiers which nevertheless 

retains its high quality. 

Prozen aerated products such as ice cream are usually 
produced by a continuous process comprising the following 

Steps: 

a) homogenising of ingredients 

b) pasteurisation 

c) cooling 

d) freezing and aeration 

e) extrusion 

f) (optional) deep freezing 
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Normally the homogenisation step takes place in a first 
vessel followed by continuous pasteurisation followed by 
cooling. The mixture is then transferred to a freezer for 
example a scraped surface heat exchanger where the product 
frozen to a temperature of approximately -S'C followed by 
quiescent cooling in a hardening tunnel. 

The applicants have surprisingly found that if the product 
is subjected to cooling and shearing in a screw extruder 
prior to extrusion and any optional deep freezing, a hxgh 
duality low fat product may be prepared even in the absence 
Tt emulsifiers and preferably also in the absence of 
3tabili3ers. 

screw extruders such as single screw and twin screw 
extruders are widely used in the chemical 
ZZ^e in the production of plastics. It has also been 
proposed to use single screw or twin screw extruders .n the 
r.;Ling of ice-cream, see for example EP 561 118 and 
EP 401 512. 

EP 713 650 discloses a method for manufacturing frozen 
aerated products in which the composition to be frozen xs 
Tixed aerated and cooled to a temperature equal or less 
^han a-C prior to extrusion in a single twin screw dev.ce. 

However, to date it has not been recognised that such screw 
extrde;s can advantageously be used to prepare a h.gh 
quluty frozen aerated product having a low fat content and 
no added emulsifiers or stabilisers. 
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Pin^l^g^.^P. nf fhfi TnYfintion 

Accordingly the invention provides a frozen aerated product 
comprising; 

1 to 6% fat 

(ii) 0* emulsifier 

(iii) 0 to i.0% stabiliser 

which satisfies the following conditions: 
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(a) 
(b) 

(c) 



% DF greater than or equal to [0.6 * %Fl ; 

, MLIOO less than or equal to 100% - [5.35 - %F] ; 

'^air cell size distribution such that the mean 
air cell size is less than 40 with a standard 
deviation of less than 20 ^xM; 



wherein DF 
F 

MLIOO 



destabilised fat 
fat 

mass loss after 100 minutes 



n ro 0 5% stabiliser, more 

preferably the product has 2* fat, n,ost preferably 3% fat. 
b7 fat I meant triglycerides and not mono- or di 

glycerides . 

^« air- cell size distribution 
preferably the product ^ ,,,, _e 

such that the mean air cell size 
preferably less than 20/iM. 
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deep freezing. 

The screw extruder can be either a single or multiple screw 
extruder, preferably however a single or twin screw 
extruder is used. 

preferably the product is extruded at a temperature of from 
-10°C to -aCC, more preferably from -10"C to -2500, most 
preferably -iCC to -is-c. 

The screw extruder may be employed after the conventional 
freezing and aeration step within for example a scraped 
surface heat exchanger. Alternatively all steps prior to 
extrusion, including if desirable homogenisation and 
pasteurisation, may be conducted within the screw extruder 
as described in either EP 713 650 or our copending European 
patent application EPA 96302718.0 

Frozen aerated products according to the invention have 
been shown to have an increased perception of fat, 
characterised by increases in creamy texture, thickness 
smoothness, initial smoothness and reduction of ice crystal 
quantity in mouth and ice crystal size in mouth. 

25 The percentage destabilised fat was measured using a 
solvent extraction technique. lOg of ice cream was melted 
for 4 hours at ambient temperature before extraction wxth 
petroleum solvent. The solvent was evaporated and the 
extracted destabilised fat was weighed, this was expressed 
as a percent of the weight of the total fat in the ice 
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30 



cream. 



The percentage mass loss after 100 minutes was determined 
by measuring the weight of melted ice cream every minute 
35 over the required time period. 

The air cell distribution was determined using low 
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5 



temperature scanning electron microscopy (SEM) . 

The mean air cell size measured for the products of the 
invention is thought to be important for providing products 
having a creamy texture. Conventionally prepared ice cream, 
which is stabilised and emulsified will have a mean air 
cell size of from 60 to lOO/iM. 

preferably the frozen aerated product of the invention is. 
a milk or fruit based frozen aerated confection such as xce 
cream, frozen yoghurt, sherbet, sorbet, and frozen custard. 

suitable ingredients, and their preferred levels for such a 
frozen aerated confection are for example: Ice 
cream/custard: milk fat 1-6 wt%, milk solids non fat 2 to 
15 wt%, sugar or other sweeteners 0.01 to 35 wtV, flavours 
0-5 wt%, water 30 to 85 *wt. 

Any stabiliser used in ice cream is suitable, for example 
Locust Bean Gum (LBG) , Carrageenan, Guar gum, gelatin, CMC 
(Carboxy methyl cellulose) gum, pectin, algin products, and 

mixtures thereof. 
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An ice cream mixture having the following formulation: 
4.5% Fat 

13.91% Skimmed Milk Powder 
16.76% sucrose 
0.4% flavour 
Water to 100% 

was prepared in the conventional way and initially frozen 
in a standard ice cream freezer (scraped surface heat 
exchanger, SSHE) to a temperature of -7.6«C. Air was added 
to the mix in a ratio of 1:1. 

The outlet of the SSHE was connected by pipework to a 
single screw extruder with a refrigerated jacket which 
continued to freeze the ice cream to a temperature of 
20 < -10"C. The single screw extruder had the following 

geometry : 

Barrel length O.lSm 
Barrel diameter O-^m 
screw pitch 0-"5m (2 start) 

screw Channel depth 15 mm 

The single screw extruder was controlled to maintain a 
constant inlet pressure of 7 barg and a torque on the screw 
of 1500 m. The outlet pressure was 8 barg. The flow rate 
was 250 L/hr. During production the torque level was 
increased and when the torque reached ISOONm the extruded 
ice cream changed colour becoming whiter. 

An ice cream product was obtained which was emulsifier and 
stabiliser free having 10.3% destabilised fat, 72* mass 
loss after 100 minutes, and the mean air cell size was 
20mM- 
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Furthermore, the ioe-crean, -as of high quaUty h-xng an 
excellent creamy texture and smoothness. A trained sensory 
panel perceived this low fat £or,,ulation to be as creamy as 
a commercial sample prepared in the same way having an 
identical formulation except that the fat content was 12*. 

An ice cream mixture having the following formulation: 

1.0% Fat 

14.76% Skimmed Milk Powder 
17.37% sugars 
0.22% stabiliser 
0.4% flavour 
Water to 100% 

was prepared in the conventional way and initially frozen 
r a standard ice cream freezer (scraped surface heat 
Ihanger. SSHE, to a temperature of -6.2«C. A.r was added 
to the mix in a ratio of 1:1. 



The outlet of the SSHE was connected by pipework to a 

ngle screw extruder with a refrigerated jacket which 

continued to freeze the ice cream to a temperature of 
continued toj^ ^^^^^^ ^^^^^ ^^^^^^^ 

geometry: 

Barrel length 0.75m 
Barrel diameter 0-2n» 

r.ifnh 0.135m {2 start) 

Screw pitcn 

screw Channel depth 15 mm 

The single screw extruder was controlled to maintain a 
constant inlet pressure of 7 barg and a tor^e on the screw 
of 1800 Nm. The outlet pressure was 8 barg . The flow rate 
was 250 L/hr. 

ice cream product was obtained which was emulsif ier free 
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having 0.91% destabilised fat, 91.8% mass loss after 100 
minutes, and the mean air cell size was IV.S^M, with a 
standard deviation of 9.9mM. 



5 pyample 3 

An ice cream mixture having the following formulation: 
4.5% Fat 

13.91% Skimmed Milk Powder 
■^Q 16.76% sucrose 

0.22% stabiliser 
0.4% flavour 
Water to 100% 
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was prepared in the conventional way and initially frozen 
in a standard ice cream freezer (scraped surface heat 
exchanger, SSHE) to a temperature of -6.2°C. Air was added 
to the mix in a ratio of 1:1. 

The outlet of the SSHE was connected by pipework to a 
single screw extruder with a refrigerated jacket which 
continued to freeze the ice cream to a temperature of 
, .10=C. The single screw extruder had the following 
geometry : 

Barrel length O .ISm 

Barrel diameter 0.2m 

screw pitch O-l"™ <2 ^"'^t) 

Screw Channel depth 15 mm 

The single screw extruder was controlled to maintain a 
constant inlet pressure of 7 barg and a torque on the screw 
of 1800 Nm. The outlet pressure was 8 barg. The flow rate 
was 250 L/hr. 

An ice cream product was obtained which was eraulsifier free 
having 4.86% destabilised fat, 35* mass loss after 100 
minutes, and the mean air cell size was iB.9mM, with a 
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standard deviation of 12.8mM. 



5 An ice cream mixture having the following formulation: 

2.0% Fat 

14.52% Skimmed Milk Powder 
17.19% sugars 
0.22% stabiliser 
10 0.4% flavour 

Water to 100% 

was prepared in the conventional way and initially frozen 
in a standard ice cream freezer (scraped surface heat 
exchanger. SSHE) to a temperature of -6.2»C. Air was added 
to the mix in a ratio of 1:1- 

The outlet of the SSHE was connected by pipework to a 
single screw extruder with a refrigerated jacket which 
continued to freeze the ice cream to a temperature of 
, .IQOc. The single screw extruder had the following 

geometry ; 

Barrel length 0 .ISm 

Barrel diameter 0-2m 

screw pitch 0.135m (2 start) 

Screw Channel depth 15 mm 

The single screw extruder was controlled to maintain a 
constant inlet pressure of 7 barg and a torque on the screw 
of 1800 Nm. The outlet pressure was 8 barg. The flow rate 
was 250 li/hr. 

An ice cream product was obtained which was emulsif ier free 
having 1.23% destabilised fat, 89.3* mass loss after 100 
minutes, and the mean air cell size was 18.4mM, with a 
standard deviation of 12.3(iM. 
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1. A frozen aerated product comprising; 

(i) 1 to 6% fat 

(ii) 0* emulsifier 

(iii) 0 to 1.0% stabiliser 

which satisfies the following conditions: 

(a) % DF greater than or equal to [0.6 * %F] ; 

(b) % MLIOO less than or equal to 100% - (5.35 * %F] ; 
and 

(c) An air cell size distribution such that the mean 
air cell size is less than 40 /iM with a standard 
deviation of less than 20 /xM; 

wherein DF = destabilised fat 

F = fat 

MLIOO = mass loss after 100 minutes 

A frozen aerated product according to claim 1 wherein 
the product comprises from 0 to 0.5%, preferably 0 to 
0.25% most preferably form 0 to 0.15% stabiliser. 

A frozen aerated product according to claim 1 or 2 
wherein the product comprises 0% stabiliser. 

A process for the preparation of a frozen aerated 
product according to any preceding claim wherein the 
product to be frozen is subjected to shear forces and 
cooling in a screw extruder prior to extrusion and 
optional deep freezing. 

A process according to claim 4 wherein the product to 
be frozen is initially cooled to approximately -6°C in 
a freezer before transferring into the screw extruder. 



2. 



3. 



5 . 
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6. A process according to claim 5 wherein the freezer is 
a scraped surface heat exchanger. 

7. A process for the preparation of a frozen aerated 
product according to any one of claims 1 to 3 
comprising the steps of 

(a) homogenising of ingredients; 

(b) pasteurisation; 

(c) cooling; 

(d) freezing and aeration; 

(e) extrusion; and 

(f) (optional) deep freezing; 

wherein steps (a) to (d) are conducted in a screw 
extruder. 

8 A process according to any one of claims 4 to 7 
wherein the screw extruder is a single screw extruder, 

9 A process according to any one of claims 4 to 7 
wherein the screw extruder is a twin screw extruder. 

10 A process according to any one of Claims 4 to 7 
wherein the product is extruded at a temperature of 
from -lO-C to preferably -lO^C to -25«C, most 
preferably -lO^'C to -15*'C. 



INTERNATIONAL SEARCH REPORT 



tni AppllMtlon NO 

PCT/EP 97/04574 



A. CWSSIFCATION OF SUBJECT MATTER 

IPC 6 A23G9/20 A23G9/02 



B. PtEUDS SEARCHED 



IPC 6 A23G 



Docu^ertUiion ssarchoo otMr than m^.mufn<jocuinwiiaiion 



w m, «fn. that socn Oocu»r.fTt» i« inO«»o .n (h, t^lcs *.afcn.d 



Eiaciromc aata 



co»>o... av.,og .n. ■,»,r.,.na. ^a.cn <na^ o« .^ta c,. ana. wn.,. prac.K:a.. search ..^ 



C. nririiMFNTS CONSIQEREP TO BE RELEVANT 



Citalior 



o( o«:um«m, -ar> .ndcaiwn, wh.f, appropnat* ol ino relevant passage 



EP 0 351 476 A (GOAVEC) 24 January 1990 
see column 2, line 34-36: claims: examples 
1-6 

see column 5, line 44 - column 6, line 7 
see column 1. line 1 - 1 ine 52 

OE 25 38 858 A (POVIGNA TARCISIO) 10 March 
1977 

see the whole document 

EP 0 559 316 A {MORINAGA MILK INDUS.) 8 
September 1993 , ,,ki«c 

see page 10. line 21 - line 35: tables 

see page 5. line 7 - line 10 

see page 2. line 30-31; claims; examples 

3.7,9 



Relevarvi lo ciatm ^k). 



1-6.8 
7.10 

7.10 



i 1-3 



-/-- 



["Y| Furtfw <»cum»«5 ar* i.stM >n (t^ conimuaiion ot Do* C. 
' Spaciai cni«gon*» oi c««d ttocumonis : 

'A- tiocomoni eatmm ir>a 9«r»rai *tatt ol irw art -rti«h « not 

eof»SKl«r«a to t» ol partwuur wtartnca 
•E- «artwr Oocumart Dii pufiUSMd on or an.r irw .ntamational 

liitng data 

''ST* ^o^aDish ti>. puOt«ai.ondai, o( ar>oth#r 
tatnon or atr>«f •p«:«« r»a»or* (ai sp«c*»<n 
■Q- docwiw* r^ernng lo ar, oral disciosur.. lm. •ihrtjrtwn or 
otn«rRv«ans 

. <3ocuin«Ti ouwst^ad prtor to th. rt^rwnai \^ date but 
laiof ttwn \nt p»»Ofiiv clairtwi 



in 



Paiani tairaty mamtwra ar* listed m ar»n»x 



inveninrt 

•Y- c»ocurnen.olparticutaf.e»«^eM;«c^ 

cannoi be ccni«Jer»(l to irwoX/e an ''^'^'^^'^'^T^^^ 

aucn contjiutwt M.ng oDvtoua lo a pei»w »kJi»o 
in the act. 

A- docurmrt (namber ol the larrw paier>t (am*v 



Date o( me actual coiflpletwn ol tnartemai«rvil leare^ 



21 November 1997 



Nama and m«*«9 addiM* 01 IM ISA 

Euroow Patert OWtM. P B. Sflia Palenttaar>2 
NL - 2280 HV RiiSwttK 
Tal. (♦3)-70) 34O-2O40. Ti. jl 65» epo ril. 
Fax. (*31-70l 340-3016 



Date o< mailing of ttte iniernatwnal saarcn report 

28/11/1997 



Autttonzed otiicer 



Guyon, R 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Category I Cuat'On ot «x:um»nt, wtin 



.(Conttnuatlon) 



^..MgNTS CWSIDEReO TO BE HtL£Vi^NT 



yO 97 39637 A (UNILEVER) 30 October 1997 
see the whole document 
WO 92 11769 A (THE PILLSBURY CORP.) 23 
July 1992 

see claims; examples K^.o 

EP 0 713 6&0 A (NESTLE) 29 May 1996 
cited in the application 
see the whole document 

EP 0 401 512 A (F. ROGGE £T AL.) 12 

rerforur3%.ne53 . colu.n4.1ine 17 

see column 7. line 30-42 

see oaqe 4, column 49-54 , 

see ?olumn 5. line 48_- column 6, Une 33 

PATENT ABSTRACTS OF JAPAN ^ ^ ^ . 
vol 13 no. 423 (C-638). 20 September 

i^f? 01 160458 A (NAKAMURA TAMOTSU). 23 
June 1989. 
see abstract 

WO 93 21777 A (UNILEVER) H November 1993 
see page Ul, line 10_-16; examples 

EP 0 438 201 A (CAMPINA MELKUNIE) 24 July 
1991 

see the whole document 

EP 0 561 118 A (E. WINOHAB ET AL.) 22 

September 1993 

see the whole document 



Int .iofl*l Appiie«tk)n No 

PCT/EP 97/04574 



1-10 
1-5.10 



U4-6, 
8-10 



1,4-6, 
8-10 



1-3 
1-3 



1,4-6. 
8-10 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infoimatlofl on ptttnt fimity maml>»r« 



Int lton«) Applle«tion No 

PCT/EP 97/04574 



pateni document 
ciied in search repofi 



Publication 
date 



Patent lamtly 
memt)ef(s) 



PubNcation 
date 



EP 351476 A 



24-01-90 



AU 
AU 
US 



603693 B 
2100088 A 
5024066 A 



22-11-90 
22-02-90 
18-06-91 



OeIwSSBB a 10-03-77 NONE 

Er5B93;rT 08:09:93— op 5328905 a M-12-93 

DE 559316 T 24-02-94 

US 54036U A ^tlA-}---- 

W0'9739637"a 30-10-97 NONE 

Wolanir; 23:o;:9r" us 5U2626 A 12:05-92 

AU 653770 B 13-10-94 

AU 9148791 A i!'??"?, 

CA 2099243 A,C 01-07-92 

DE 69108569 D ^?"°^^c 

DE 69108569 T 03-08-95 

% lis 0^^^^^^ 

Er^-T 29:05:96 ^r^ii'r" Itltll 

CN U32595 A 0?-^?'^^ 

CZ 9503076 A H'll'H 

FI 955594 A 24-05-96 

HU 74491 A 28-01-97 

JP 3205783 A ^^"2?"^! 

NO 954687 A 24-06-96 

PL 311434 A 27-05-96 

SG 35034 A ^^'^/'H 

SK 144495 A 05-06-96 

Er4oi5ir"A 12:12:90 ^'"^^ \tl\'-ll 

AU 5670190 A ^^'^^oi 
WO 9014775 A 

ES 2066900 T 16-03-95 



Fo-n PCT/tSV2iO (P-t*"» »^*T 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



,nt<»rtn«tioi> Of* p«tftriir«ini»v PCT/EP 97/04B74 



Patent documeni 
cited in searcn repofi 


Publication 
date 


Patent tamity 
memtjeris) 


Publication 
date 


WO 9321777 A 


11-11-93 


AT 155650 T 
AU 667111 B 
AU 4265793 A 
CA 2134126 A 
CN 1079110 A 
DE 69312482 D 
EP 0637207 A 
FI 944988 A 
NO 944022 A 
US 6486373 A ■ 
ZA 9302842 A 


16-08-97 

07- 03-96 
29-11-93 
11-11-93 

08- 12-93 
04-09-97 
08-02-95 
24-10-94 
24-10-94 
23-01-96 

£*♦ lU 7l 


EP 438201 A 


24-07-91 


NL 9000101 A 
DE 69101561 D 
DE 69101561 T 
JP 4218340 A 
US 5308628 A 


16-08-91 
U-05-94 
28-07-94 
07-08-92 
03-05-94 


EP 561118 A 


22-09-93 


DE 4202231 C 
US 5345781 A 
AT 158151 T 


09-06-93 
13-09-94 
15-10-97 



page 2 of 2 



